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- ACCELERATOR POWER CCI.CEPTS USING ISOLATED THRANSMISSION LINES

W. C. Nunnally
Los Alamos National Laboratory
Los Alamos, New Meaico 87545

This paper outlines the rationale and the advan-
tages of using multiple transwission-line sectiona iso-
lated by transit time and inductance in accelerating
high-current (>10 kA), short-pulse (€100 ns) particle
beams to the multimegavolt level. The main advantages
of this system include reducing the number of output
switches requirad per output pulae by nsarly an order
of magnitude over conventional systems and increasing
the aystem capability for repetition-rate operation.
The isolated transmission-line concept is developed and
possible modes of operation outlined. 1In adaition, a
point design of a 10-kA short-pulse accelerator is pre-
sented.

Introduction

The accelerator power schemes currently used in

directed energy systems such as ETA/ATA" require many
high-quality (high voltage, low inducrance, low jitter,
and high repetition rate) ewitches to accelerate single
pulses in sequence. These switchas are used in a pri-
mary role in the acceleration scheme and, therefore,
wmust be high quality. The isolated transmission-line
accelerator (ITLA) power scheme presented here uses
high-power switches in a eecondary role that requi~r.
lowerr quality units. In addition, ETA/ATA type accel-
eration power schemes use the switching action of one
switch only one time. The LTLA ocheme uses the effect
of me switch many times through transict-time isola-
tion. The ITLA power scheme can reduce the number of
switches required by an ETA/ATA system by up to a fac-
tor of 10 or provide acceleration power tor up to 10
simultaneous E£T\/ATA type pulses with the same number
of switches, Auother advantage of the ITLA power
scheme is that the system is ot limited by ferrite
size like tl. ETA/ATA system, hut can use the higher
saturaticn {iux densi’' and slower [requency responae
of tape-wound iron cores.

ITLA Power Systeum

The ITLA power concept will bhe developed with a
progreasion of circuits and applications. The opera-
tion of a olumlein line can be characterized as voltage
ve~tor inversion, Th~ sum of the voltagr vectnrs from
point A to point C in the generalized Blumlein line of
Fig. 1 is zero before the switch ia closed at time
t » 0. 1If the Blumlein line in not loaded acros:
pointa A ard ¢, and the awitch is closed st t = 0, a
vollage shorting wave propagates down the transmiasion
line to the open circuit at terminals AD and inverts
the voltage vector in the bottom transmission line of
Fig, 1. When the transient wove retuins *o the switceh

at t = ZTL. the voltaje vector in the bottom line is

inverted everywhore an shown in I'ig., 1b, At time

t = ZTL. the voltage potential available acrown pointa
A and C for the entire line is V. 1 an accelarator
strurture were connected to points A and C, the inver-
sion muitch opened, and & mat :hed beam pulne injected
(r = Vn/h7 W T = .rly) at t = 2TL. the pulse would be
lcgol!rnrcd thrgu;h a potentiasl of Vo for a period of
ZTL until ¢t = JTL. Note that the switch was opened in
this enasple t~ make t'i¢ accelerato. operation coampati-
ble with transmission-line noperation. This example is

used only to [lluatrate the principle of voltage vector
iaversion and its use in mm accelerator sywtem.

1¢ the transmission line: of Fig. | are cuosen to
be much longer than the pilse to be accelerated and, In
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Fig. 1. Vector inversion of long transmission line.

‘particular, an integral mumber of pulse lengths, =

nTp, then several pulses can be accelerated in parallel

by the same set of transmission lines as shown in Fig,
2 vhere m = 3. Note that the arrangement shown in Fig.
2 conaists of three dual Blumlein line accelerators
connected in series, but with only one switch used for
voltage inversion. The operation of the oystem shown
in Fig. 2 can be made consistent with transmission-line
operation (no switch opening required) in the tollowinyg
manner. The two transmission lines are initially

charged to wvoltage, Vo. The switch is closed at t = o,

and the voltage inversion takes place as noted tor the
system of Fig. l. The accelerator structurecs ol Fig. 2
muat be designed vo that they cause mimimal discuntinu
ities ond, therefore, reflections of the inversion
transients, Also, the accelerator structures are not
loaded (no beam pulse prescent) during the inversion
procesa, After the inversion wave has reached the open
end and returned to point A in Fig, 2 (t = 5.5 T ),

mateiied beam pulses (IP - VolaZL. r_ = TL/]) are simul-

P
taneounly injected at pointm A, B, and U ot Fig. 2.

These pulsen are all accelerated by a potential Vo tor
a period f Tp = TLll. The individual accelerator
structurea at points A, B, and ¢ are isolated trom cach

other by the transit time of the transmission line.
Thin particular arrangement offers several obvious ad-

vantages, Firnt, only one awitch wam used to acceler-
ate three beam pulaers,  Second, *he switch that was
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Fig. 2. Transit-time 1TLA.



used anly to invert the long transmission-line poten-
tial vectors does not have to be as high quality as a
sw.tzh that is directly iuvolved in coupling the ac-
celerator to the beam., A third advantage, which is mot
1mmediately obvious, is the repetition-rate advantages
of this pulse iyetem. The bottom transmiasion-line
section in Fig. 2 from input A to the switch can be
lengthened and a transmiassion-line fan=out added to
multiplex several switches, one in each lag ot the fan-
out. This arrangement permits higher rate operation
through easy switch multiplexing. The short=-duration
transients caused by the impedance discontinuities of
the transmission-line fan-out will not aftect the ac-
celerator structures and process because of the time
delay between switch closure and acceleration.

Another mode of operation is indicated in Fig, 2

by the dashed lines. 1f the transit time, T, 5

accelerated particie frow the output of accelerator
section A to the input of secrion 3, could be made much
less than the tranamission-line transit time between

structures of TAB« T , then a single bear could, in

principle, be accelerated m times (m = 3 tor Fig. 2) oy
the same atructure, 1n Fig, 2, the beam trajectory
would he generally helical through the structure.

, of an

Because of the practical difficulties of providing
the helical beam trejectory and the impossihility of

reducing TAB«TP for the system of Fig. 2, an obvious

alternative is *r deform the traasmission
heliv and prov. i-

into 4
1his

tcasible,

lincs
+ straight beam trajector,

method alao makem the condition T B << T
Thir is the essence of the helical edge=-wound stlrip-

iinc accelerator (HEWSLA .~ concept previovusly reported,

A major prnruul consideration that is desired an
accelorator svstens is ohe of enclosed potentials or
grounded beam input and output ports, Another wodili=-
cation of the accelerator system of Fig., 2, shown in
Fig: % i9 used to provide g-ounded beam input and
output porta, bBasicallv, inductive isolation is uscd
to separate the hottom line from the top line and
across whica the opposite aceleration potential is ap-
plied, The bheam trajectory passes through a rloacd
metal cylinder or drift tube and does nol experience
the external decelerating tield, The isolation induc-
tance, L , ol this path is made large so that the disx-
charge time of the transminsion-line capacitance, U
ia long compared to the inverwion time, 11' or

. ? .
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The inductance in mad
nteel cores,

largn by uming tape=wound
In the electrical circuit of thin schene,
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Fig. ). Transit=time and industan.e ITLA.

the isolating inductance appears in parallel with the
beam pulse load during acceleration., Thus, .his schemc
can be labeled an induction accelerator. lowever, this
concept can use lower frequency response and higher
saturation flux materials (steel inatead of ferrite)
than the ETA/ATA type system.

The inductive isolation can be combined with tran-
sit time isolation to accelerate m pulses simultaneous-
ly (parallel) or | pulse m times (series). A conce ‘-
tual design of a series ITLA module with m = 10 is
show: in Fig. 4. A parallel ITLA is ehown in Fig. 5 in
which three pulses are accelerated simultaneously. The
parallel module could be uscd in an accelerator system
that would series the beam pulses after acceleration
with beam handling techniques, In this context, the
parallel ITLA can be considered as a beam chopper.,
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Point Deaign

The parameters of a point dewign for an ol =1nau-
lated, nmerien |0=KA accelerator ae liated an Table o,
The actual design procedure in doncribed in a Los

Alamon National Lahoratory report tn be |||hlinh|--|,|
Cunc luniona

Isolated tranmmianion lines can be waed in princa-
pie to reduce the tumber, quality, and requirements of
Ligh-power switchen in pulaed accolerators, Ihe param-
etern in Table 1 indicate that the wmber of switchos
in m ETA/ATA type wystem can be reduced hy a lactor ol



10. Operation of the switches in a reputition mode is
facilitated in the ITLA system because timing and
switching requirements are reduced. Switch multiplex-
ing is also facilitated by the use of switches in a
secondary role rather than a primary role.

TABLE 1

PARAMETERS FOR QIL-INSULATLD SERIES ITLA MODULE

Line-charge voltage V) £ 2.5 E+05
Beam current (A) e 1.0 E+04
Beam pulse width (s) = 5,0 k=06
Line separation () a 3.1 k=02
Line width (m) z 3.1 k=01
Radius of helix {m) s 3.1 e+00
Line impedance (2 2% E=01
Dielectric atrength (V/m) s 6.0 00
Relative dielectrir constant 1 2.3 E»00
Number of parallei ; 1ises EC

Multiple of minimun: {lux = 1.2 E+0Q0
Erectior time (3) = 1.0 E=-06
Resistive decay t.ue (s) 1 £,0 E-0
Aren cf core (m*) = 2.0 E=01
Width of core along beam (m) 8 .G k=01
RC limit of mumber of turns 3 1.0 k+0)H
LC l1sit of number of turns = 4.0 bLe0U
Maximum number of turns E L.U E+00
Aecelerytion per module (V) = G EalU
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